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PREFACE 

T h i s  r s p o r t  i s  one  of a  s e r i e s  on t h e  p o s s i b i l i t i e s  of producing house  f raming  
and s t r u c t u r a l  2 a n e l s  w i t h  p a r t i c l e b o a r d  c o r e s  and v e n e e r  f a c i n g s .  T h e s e  CON-PLY 
o r  composi te  r rLa t~r ia l s  were d e s i g n e d  t o  b e  used i n t e r c h a n g e a b l y  w i t h  c o n v e n t i o n a l  
lumber and p?gpodi? a homes. R e s a r c E  OD s r r u c t u r a k  f r a n r h g  w a s  s n i t t a l l y  l i m i t e d  
t o  CON-PLY studs bur nas  now been ex tended  t o  i n c l u d e  l a r g e r  members such a s  f l o o r  
j o i s t s .  

I n  1973, t h e  home-building i n d u s t r y  f a c e d  a  s h o r t a g e  of lumber and plywood 
and consequent  r i s i n g  p r i c e s .  Both i n d u s t r y  and government r ecogn ized  t h a t  t h i s  
s i t u a t i o n  was n o t  a  temporary  problem, and t h a t  long-range p l a n s  f o r  b e t t e r  u s i n g  
t h e  S a t i o n ' s  a v a i l a b l e  f o r e s t  r e s o u r c e s  would be n e c e s s a r y .  

The F b r e s t  S e r v i c e  of t h e  U.  S. Department o f  A g r i c u l t u r e  and t h e  U.S. Depar t -  
ment of Housing and Urban Development a c c e l e r a t e d  c o o p e r a t i v e  r e s e a r c h  on ways t o  
u t i l i z e  t h e  whole t r e e .  They c o n c e n t r a t e d  on composi te  wood p r o d u c t s  made w i t h  
p a r t i c l e b o a r d  and veneer  a s  a  way o f  u s i n g  n o t  o n l y  more o f  t h e  t r e e  stem, b u t  a l s o  
u s i n g  l e s s  d e s i r a p l e  t r e e s  and a g r e a t e r  v a r i e t y  of t r e e  s p e c i e s  t h a n  would conven- 
t i o n a l  wood p r o d u c t s .  The p a r t i c l e b o a r d  which compr i ses  a  l a r g e ' p o r t i o n  of COM-PLY 
s t u d s  and j o i s t s  i s  made from chipped-up wood t h a t  comes f rom f o r e s t  r e s i d u e s ,  m i l l  
r e s i d u e s ,  o r  low-qua l i ty  t imber .  Thus ,  such  c o m p o s i t e s  c o u l d  g r e a t l y  i n c r e a s e  t h e  
amount o f  lumber and plywood a v a i l a b l e  f o r  r e s i d e n t i a l  c o n s t r u c t i o n ,  o u r  major  u s e  
of wood, w i t h o u t  e r o d i n g  t h e  Nat i o n ' s f  t ilnber supp ly .  

Research on composi te  w a l l  and f l o o r  f r aming  was performed by t h e  Wood P r o d u c t s  
Research bit, S o u t h e a s t e r n  F o r e s t  Experiment S t a t i o n ,  Athens ,  Georgia .  The American 
Plywood A s s o c i a t i o n  c o o p e r a t e d  i n  t h e s e  s t u d i e s  by d e s i g n i n g  and t e s t i n g  composi te  
pane l  p r o d u c t s  t h a t  a r e  i n t e r c h a n g e a b l e  w i t h  plywood. Both t y p e s  o f  p r o d u c t s  have 
been i n c o r p o r a t e d  in demons t ra t  ion houses .  

Inc luded  i n  t h i s  s e r i e s  w i l l  b e  r e p o r t s  on s t r u c t u r a l  p r o p e r t i e s ,  d u r a b i l i t y ,  
d imens iona l  s t a b i l i t y ,  s t r e n g t h ,  and s t i f f n e s s  of composi te  s t u d s  and j o i s t s .  O the r  
r e p o r t s  w i l l  d e s c r i b e  t h e  o v e r a l l  p r o j e c t ,  compare t h e  s t r e n g t h  of composi te  and  
s o l i d  wood lumber ,  s u g g e s t  performance s t a n d a r d s  f o r  composi te  lumber and p r o v i d e  
c o n s t r u c t i o n  d e t a i l s  on houses  i n c o r p o r a t i n g  such  lumber .  S t i l l  o t h e r s  w i l l  e x p l o r e  
t h e  economic f e a s i b i l i t y  of manufac tu r ing  composi te  lumber and p a n e l s  and e s t i m a t e  
t h e  amount and q u a l i t y  of veneer  a v a i l a b l e  from s o u t h e r n  p i n e s .  These r e p o r t s ,  
c a l l e d  t h e  COM-PLY s e r i e s ,  w i l l  b e  a v a i l a b l e  from t h e  S o u t h e a s t e r n  F o r e s t  Exper i -  
ment S t a t i o n  and t h e  U. S.  Department o f  Housing and Urban Development. 
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ECONOMIC F E A S I B L L I n  OF M U F A C T U R Z N G  COM-PLY STUDS 

IN THE SOUThI 

Abstract . - -me hveskment  and production cos t  required t o  =nu- 
f a c t u r e  CON-PLY s t u d s  ts~ t h e  South are presented,  It is  possible 
t o  a b t a h  a 2 0  percent  o r  g r e a t e r  isbtesnal r a t e  of re turn  on an 
bvestment fn manuf a s t u r h g  COM-PI V s tuds .  

KEmOmS: Manufactcrr~-g c o s t s ,  stud cos t ,  economics of stud mnu-  
f a c t u r e ,  cos t  a n a l y s i s ,  ai"d-PLy factory, rate of  reti-m, 

@operat  l v e  r e sea rch  by ths Fore s t  Service, il, S, Departmesit of Agriculture, 
act the  U,S, Departmentoof Housing and Urban kvelopment  has Led to development 
of a new composite lunber  product .  The new product ,  called (li?X-PLY, has p o t e n t i a l  
f o r  s i g n i f i c a n t l y  iazcreashg  our  supply of lumber f o r  b u i i i i h g  homes, COM-PLY 
lumber i s  a s t r u c t u r a l  sandwich cons t ruc t ion  w i t h  a partle:i.b.sard core lietween 
l a y e r s  of s o l i d  wood veneer ,  

The f i r s t  composite lumber product developed was a 2 x 4 wall. s t u d  t y p i c a l l y  
used t o  frame e x t e r i o r  w a l l s  in. houses ( f i g ,  I ) .  GOM-PLY s t u d s  are intended t o  b e  
used as direct s u b s t i t u t e s  f o r  conventtonal  s tuds  of  sawn Eunber msld must be pr i ced  
eompetitlve$y. 

Figure I ,--CBH-PLY s tud  used f o r  framing exterior walls o f  houses. 

Poten t i a l  mmufae tu re r s  of COM-PLY s tuds  want to h o w  how muck it w i l l .  co s t  t o  
m k e  them, They a l s o  w a n t  t o  h o w  if a eOM-?ILY stud f a c t o r y  would be a p r o f i t a b l e  
h v e s t m e n t ,  one that would give a greater return on the  investment than a sawmill,  
This  r epo r t  p r e sen t s  estrintates on the a~ou?rr: of  investment requi red  t o  bu i l d  a  
COM-PLY s t u d  f ac to ry ;  the cost  o f  mmufac tur ing  COM-PLY s t u d s  ; t h e  annual  s a l e s  
and ope ra t ing  cash flows; a d  t h e  annual. n e t  cash f lows and lnternal rate of r e t u r n .  

A s tudy  of f b a n e i a l  f e a s i b i l i t y  is  only  a s  good a s  t h e  v a l i d i t y  of t h e  assump- 
t i o n s  upon which it is  based. In  t h i s  s tudy,  w e  assume t h a t  t h e  f a c t o r y  i s  l o c a t e d  
in Arkansas and uses both hardmod and southern p ine  f o r  i t s  m o d  supply. The 



assumptions c o n ~ $ m i n g  costs: a r e  based oer kndustry averages M d  t h e r e f o r e  do no t  
re f lec t .  value.d I ~ t r  .ai 1 ~ p e c ~ k - ~ c  C O I ~  

Resu l t s  presented in  t h i s  r epo r t  a r e  no guarlmtee t h a t  any f i rm  can p r o f i t a b l y  
manufacture CON--PLY s t u d s - - p r o f i t a b i l i t y  depends on competent managerial s k i l l s ,  
market demand, product ion e f f i c i e n c y ,  and o t h e r  bus iness  f a c t o r s .  However, t h e  
r e s u l t s  s t r o n g l y  i n d i c a t e  t h a t  it is econam;ically f e a s i b l e  t o  manufacture COM-PLY 
s t u d s .  Although a  s p e c i f i c  f i r m ' s  assumptions about p r i c e ,  c o s t ,  and q u a n t i t y  
may vary from those  t t h e  
o v e r a l l  conclusion 

FLEU'MCIAt FEASIBILITY MALYS I S  

any an a l  f e a s i b i l i t y  a r e  g r e a t l y  a f f e c t e d  
f o r  ma  ef  explana t ion  of t h e  process  u 

r eade r .  In  t h i s  a n a l y s i s ,  1  -1/2-inch-thick p a r t  i c l e b o a r  
oot-wide by 24-foot-long mu l t i p l a t en  hot-press  wi th  20 openin 

The press  completes f i v e  cyc l e s  each hour,  and each c y c l e  c o n s i s t s  of 10 m 
cu r ing  time and 2 minures f o r  load ing  and 
s p e c i f i c  g r a v i t y  of 0 . 6 .  Six  percent  
weight of wood 2x1 t h e  pa r t i c l eboa rd )  i 
inch t h i c k ) ,  and 6 percent  c a t a lyzed  ph 
( 1  inch  t h i c k ) .  Wax i s  used a t  a  r a t e  
The p a r t i c l e b o a r d  is  cut  i n t o  s t r i p s  1-1/2 inches  t h i c k  by 2-1/2 inches  wide and 
8 f e e t  long t o  s e r v e  a s  c o r e s  f o r  GOM-PLY s tuds .  

Veneer, 1/4 inch t h i c k  by 8 f e e t  wide, i s  ro ta ry-cu t  on a  s tandard  veneer 
l a t h e .  Af t e r  d ry ing ,  t h e  veneer is passed through a  c l i p p e r  wi th  knives equa l l y  

t r a n s f e r e d  l a t e r a l l y  i n t o  a  lumber edge-bonding machine. The edge-bondine. machine - - - - 
could u t i l i z e  hea ted  p l a t e n s  o r  r ad io  frequency (RF) cu r ing .  In t h i s  s tudy ,  f ou r  
RF-curing edge-bonding machines were r equ i r ed  t o  ba lance  t h e  product ion r a t e  of  t h e  
p a r t i c l e b o a r d  p r e s s .  A f t e r  t h e  veneers  a r e  lqminated t o  t h e  pa r t i c l eboa rd  co re s ,  
t h e  s t u d s  a r e  hot-s tacked f o r  f i n a l  cu r ing .  La t e r ,  s t u d s  a r e  run through one ma- 
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Table 1.--Machinery and machinery c o s t  f o r  a COM-PLY s t u d  f a c t o r y  

Machinery o r  a s soc ia ted  i tem 1 Cost I 1 Hachinery o r  a s s o c i a t e d  i t em 1 Cost 

Dol l a r s  -- 

Log s t o r a g e  and handl ing equipment 182,250 
(unloaders ,  s t o r a g e  s k i d s ,  s p r i n k l i n g ,  and f a c i l i t i e s )  

Log ba rk ing  equipment 445,000 

Machinery foundat ions  and suppor t s  ( i n s t a l l e d )  187,000 

Block handling equipment and steam v a u l t  2 38,000 

B o i l e r  189,000 

Log conveyors t o  l a t h e  and foundation. ( i n s t a l l e d )  41,850 

Lathe and charger  ( i n s t a l l e d )  261,900 

Trays  and t r i p p l e s  ( i n s t a l l e d )  75,600 

Green c l i p p e r  ( i n s t a l l e d )  96,000 

Green veneer s o r t i n g  l i n e  ( i n s t a l l e d )  

Green veneer conveyor 

F ibe r  d rye r  emiss ion c o n t r o l  equipment 

F ibe r  sc reen  

Glue mixing, pumping, and meter ing equipment 

Two b lenders  ( i n s t a l l e d )  

Forming f e l t e r  and c a u l  l i n e  

Dol l a r s  

20,250 

8,100 

22,950 

83,700 

89 3,025 

P a r t i c l e b o a r d  p r e s s  (4 f t .  x 24 ft.--20 openings) 2,059,425 

Board s t a c k e r  and conveyor 218,700 

Core-cutting saw wi th  f e e d e r  and b i n s  96,600 

Laminating g lue  sp reader  81,000 

Stud-laminating machines ( i n s t a l l e d )  
(4 RF cu r ing  o r  6 lumber edge-bonding machines) 575,000 

7,400 Eased edge machine 56,700 

Green veneer chipper  and conveyor ( i n s t a l l e d )  71,550 1 1 I n spec t ion  l i n e  2,700 

Core chipper  ( i n s t a l l e d )  

Eark conveyor ( i n s t a l l e d )  

Chip hand1 i n g  t a c i l i  t y  

Dryer ( i n s t a l l e d )  

Dryer f eede r  

Dryer unloader 

Moisture meter 

Label ing and marking machine 

Packaging and s t r a p p i n g  machine 

F o r k l i f t s  and c a r t s  

Air  compressor ( i n s t a l l e d )  

Y:+intenance equipment and smal l  t o o l s  

Spare p a r t s  and q u a l i t y  c o n t r o l  equipment 

Sweeper and yard t r u c k  

Dry s o r t i n g  chain  13,500 1 1 Storage tanks  81,000 

Dry veneer  s t r i p  c l i p p e r  31,750 1 1  S t o r a g e b i n s  54,000 

Dryer e n ~ i s s i o ~ l  c o n t r o l  equipment 36,450 1 ( A i r  conveyers (blowers ,  cyclones ,  p iping)  113,400 

F lake r  

F ibe r  d rye r  

F re igh t  i n  f o r  machinery 

To ta l  



I n v e n t o r y  

Investment  i s  r e q u i r e d  t o  buy raw m a t e r i a l s  and cover  c o s t  of  m a t e r i a l s  b e i n g  
p r o c e s s e d  and i? f i n i s h e d  p r o d u c t s  a w a i t i n g  sh ipment ,  In t h i s  s t u d y ,  i t w a s  assumed 
t h a t  one- s ix th  o f  t h e  a n n u a l  c o s t  of raw m a t e r i a l s  f o r  a f a c t o r y  o p e r a t i n g  a t  f u l l  
c a p a c i t y  would b e  s u f f i c i e n t  t o  cover  a l l  r e q u i r e m e n t s  f o r  i n v e n t o r y  i n v e s t m e n t ,  
It w i l l  b e  shown in o t h e r  p a r t s  o f  t h i s  r e p o r t  t h a t  t h e  t o t a l  annual. c o s t  of raw 
m a t e r i a l s  f o r  t h i s  s t u d y  is $13,232,010. There fo re ,  t h e  inves tment  r e q u i r e d  f u r  
i n v e n t o r y  would be  $2,205,335. 

Accounts  Rece ivab le  

A c o n s i d e r a b l e  inves tment  is r e q u i r e d  t o  cover  s a l e s  t o  czstorers vha di; n o t  
pay immediate ly  f o r  t h e  p r o d u c t s  purchased .  Such customer  accounts--account  s 
receivable--;nay t y p i c a l l y  be  p a i d  in 1 0  t o  60 days ,  T'ne a v e r a g e  co;lectxon p e r i o d  
from cdstomer  s a l e s  was assumed t o  be  30 days ,  Inves tment  t o  c c v e r  a c c o u n t s  r e -  
c e i v a b l e  was c o n s i d e r e d  t o  b e  I month (30 days)  o f  s a l e s .  S a l e s  w i l l  vary w i t h  
t h e  u n i c  p r i c e  r e c e i v e d  f o r  p r o d u c t s  and t h e  q u a n t i t y  produced each y e a r ,  Three 
unit i j r i c ~ s  were used in t h i s  s t u d y ;  b u t  a t  an  a v e r a g e  f i r s t - y e a r  s a l e s  p r i c e  o f  
$L30/M board f e e t ,  t h e r e  would b e  s a l e s  o f  $24,710,400 p e r  y e a r ,  For t h i s  study, 
t h e  inves tment  r e q u i r e d  f o r  a c c o u n t s  r e c e i v a b l e  would be $2,059,200.  

Contingency 

The inves tment  f o r  any i n d i v i d u a l  i t e m  such as  Land o r  buiLa.urigs ma?; v a r y  f rom 
t h e  amounts assumed o r  t h e r e  cou ld  b e  i n v e s t m e n t s  f o r  i t e m s  t h a t  might n o t  be  e v i -  
d e n t  u n t i l  f a c t o r y  c o n s t r u c t i o n  and o p e r a t i o n  b e g i n s ,  T h e r e f o r e ,  t o  b e  o;i t h e  s a f e  
s i d e ,  a  con t ingency  inves tment  amounting t o  5 p e r c e n t  of a l l  o t h e r  i a v e s t m e u t s  h a s  
been used m t h i s  a n a l y s i s .  The t o t a l  o f  a l l  i n v e s t m e n t s  u~ t o  t h i s  p o i n t  i s  
$10,255,424. F ive  p e r c e n t  o f  $16,255,424 is $812,771, which i s  t h e  coneingency 
inves tment  f o r  t h i s  s t u d y .  The t i m e  when an inves tment  i s  made i s  impor tan t  i n  
an  economic a n a l y s i s .  Cash i n v e s t e d  i n  a  f a c t o r y  cou ld  a l s o  have  Seen i n v e s t e d  
in s e c u r i t i e s  and t h u s  b e  e a r n i n g  i n t e r e s t .  I n  t h i s  s t u d y ,  we assume c h a t  t h e  
ma jo r  cap i t a l .  i n v e s t m e n t s  would b e  made d u r i n g  the f i r s t  3 gears o f  f a c t o r y  o p e r a -  
t i o n .  Table  2  shows t h e  amounts and t i m i n g  o f  i n v e s t m e n t s  made f o r  this s t u d y  when 
an  a v e r a g e  u n i t  p r i c e  o f  $130/M board  f e e t  is r e c e i v e d  for COX-PLY s t u d s  i n  1975. 
The t o t a l  inves tment  f o r  a  new COM-PLY s t u d  f a c t o r y  is $17,068,145, 

FLOW OF PL4TERIALS 

F o r e s t  p r o d u c t s  m a n u f a c t u r e r s  w i t h  whom we worked i n  making t h i s  study s a i d  
t h a t  c r e d i t a b i l i t y  of t h e  r e s u l t s  would o n l y  be a s  good a s  t h e  a s sumpt ions  x d e  
a b o u t  manufac tu r ing  c o s t .  They s a i d  i f  d e t a i l e d  i n f o r m a t i o n  i s  provided i n  t h i s  
s t u d y ,  then  t h e y  c o u l d  u s e  t h e  i n f o r m a t i o n  t o  make similar s t u d i e s  of t h e i r  own by 
a d j u s t i n g  o u r  a s sumpt ions  t o  f i t  t h e i r  own manufac tu r ing  o p e r a t i o n s .  This s e c t i o n  
on f l o w  of m a t e r i a l s  c o n t a i n s  much o f  t h e  d e t a i l e d  i n f o r m a t i o n  upon which o p e r a t i n g  
c o s t s  a r e  based and may b e  sk ipped  by r e a d e r s  more i n t e r e s t e d  in resu l t s  o f  che s t u d y .  

Once t h e  s i z e  and o p e r a t i n g  speed o f  t h e  p a r t i c l e b o a r d  press  has been selected, 
i t  is p o s s i b l e  t o  c a l c u l a t e  t h e  f l o w  of  m a t e r i a l s  th rough  t h e  factory, Table 3 
p r o v i d e s  some of t h e  s p e c i f i c  a s sumpt ions  made w i t h  r e g a r d  t o  p a r t i c l e b c a r d  nanu- 
f a c t u r e .  Maloney ( 1  973) h a s  shown t h a t  I-1/2-inch- hick p a r t i c l e b o a r d  c o u l d  b e  
cured  in  a minimum of 10 minu tes  w i t h  c a t a l y z e d  p h e n o l i c  r e s i n  and a p i a t e n  tempera-  
t u r e  o f  430' F. The c a t a l y z e d  resin i s  needed o n l y  i n  che c o r e  o f  "ie  p a r t i c l e b o a r d  
because  t h e  f a c e  l a y e r s  w i l l  r e a c h  c u r i n g  t e m p e r a t u r e s  tn less rLlan 40 minu tes  w i t h  
m i c a t a l y z e d  r e s i n .  About 1-112 m i n u t e s  a r e  t y p i c a l l y  r e q ~ i r e d  f o r  press l o ~ d i n g ,  
un load ing ,  and c l o s i n g ,  T h e r e f o r e ,  11-1/2 m i n u t e s  wocld be the m i n i m c m  c ~ c l e  t i m e  
f o r  making 1-1/2-L1ch--thick p a r t i c l e b o a r d .  To b e  on t h e  safe side, cyc l e  t h e  was 
rounded t o  12 m i n u t e s  o r  f i v e  c y c l e s  p e r  h o u r ,  



T c i e  2,--Let Inves tmen t  r e q u i r e d  f o r  t h e  f i r s t  3 y e a r s  o f  f a c t o r y  o p e r a t i o n  

- - - - - - - - - - - - - -Dol l a r s -  - - - - - - - - - - - - - - 
Land 281,900 0 0 0 281,900 

B u i l d i n g s  0 612,300 1,224,600 0 1,836,900 

F a c i l i t i e s  0 1,086,400 271,600 0 1,358,000 

Hachine r y  0 2,712,000 5,424,100 0 8,136,100 

Cash 0 126,000 252,000 0 378,000 

I n v e n t o r y  0 735,100 735,100 735,100 2,205,300 

: h e g i n n i n g  o f /  End o f  1 End o f  
Lnvestrrent 1 f i r s t  y e a r  1 f i r s t  y e a r  / second  y e a r  

Accounts 
r e c e i v a b l e  

End o f  
t h i r d  y e a r  T o t a l  

Cont ingency 62,800 150,000 250,000 350,000 812,800 

N e t  i a v e s  tment 344,700 6,108,200 L18, 843,700 1,771,500 17,068,200 

I1l?his t o t a l  d i f f e r s  f rom t h e  v a l u e s  i n  t h e  column above because  o f  
rounding. 

T a b l e  3.--Values assumed f o r  p r o d u c t i o n  v a r i a b l e s  i n  o r d e r  t o  c a l c u l a t e  f low 

of   ateri rials th rough  t h e  p a r t i c l e b o a r d  s e c t i o n  of t h e  COX-PLY s t u d  f a c t o r y  

V a r i a b l e  

Ket wid th  o f  p r e s s  

Net l e n g t h  o f  p r e s s  

P r e s s  opec ings  

P r e s s  c y c l e s  p e r  h o u r  

:ili.owaiice r o r  ~ j i d t h  trim 

Xilowance f o r  l e n g t h  trill 

S p e c i f i c  g r a v i t y  of p a r t i c l e b o a r d  

Resin  s o l i d s  i n  f a c e  l a y e r  of b o a r d  

Resin  s o l i d s  i n  c o r e  l a y e r  of b o a r d  

C a t a l y s t  in f a c e  Layer  of b o a r d  
( l i q u i d  b a s i s )  

C a t a l y s t  i n  c o r e  Lnyer o f  board  
( l i q u i d  b a s i s )  

Wax soiids i n  face l a y e r  of b o a r d  

Wax s o l i d s  i n  c c r e  i a y e r  of b o a r d  

Orher  s o l i d s  ia r e s i n  used i n  face l a y e r  
( p e r c e n t  o f  r e s i n  s c l i d s )  

O t h e r  s o l i d s  i i ~  r e s i n  used In  core l a y e r  
( p e r c e n t  o f  r e s i n  s o l i d s )  

Solids i n  c a t a l y s t  used i n  f a c e  l a y e r  

S o l i d s  i n  c a t a l y s t  used i n  c o r e  l a y e r  

Average s p e c i f i c  g r a v i t y  of wood s u p p l y  .5? 

I Value  

R a t i s  o f  ii(>ec! weigh t  i n  c o r e  t o  wood 
w e i g h t  i n  f a c e  2 

F e e t  Number Amolmt P e r c e n t  



O n  t he  bas i s  of tht .  
t he  hourl!~ f l o w  
(table 4 ) -  Iri 31 
t h e  r t i t i o  ~f green woo 

PsrEicleiear$ pres;a< 

Lvenlried wood 

O.:endried t inod 

Green wcod frcm p 
be chippei: 

Green wood faearl CO; I .is- 

te ?see; i r i t i i  v--?r,ter 

Resbl: solids in. core  - ~ i ,  

L i q u i d  catal j s r  in f , . r ~  , 

ijtiler soLld3 from 
in face a r d  core 

At t h e  f ac tn ry ,  th  
having a k e r f  o f  0,125 
per hour, N e t  z e r u i r  
wsste m s t  be ad 
cnmputea h c u r l y  
processed at t h e  

These quan t i  
v ided in format ion  u.1 

~ l : a b e r ,  Far t h e i r  
were c u t  into veneer 
3.e grade  and dry -~cli;,-~-. 
Tab le  5 shows t h e  y i f i j s  
p i n e  c i d e r ,  



that . <I(;:: - ~~7 .A. *.' scud  wi;h I/&-inch-thick veneer cofirains 3il percent :r;neer 
(ass.jizi?g 5 +:;isr,:: vcnc;?~)  57 ~ ~ a h u a c .  3 COM-PI-T i-t;;d fac",q cou ld  

" .  
l l c ~ ~ ~ ~ ~  a l i  ..-,,,, riuii - 2~5:. ; : i t ter  veneer in 2 t y p i c a l  s tand  zrzd c n n - ~ e r r :  "ie . - 
restof the wooe rBJ ?ar t ic leb i?ard ,  t h e r e b y  proviiS51g t i i~ i i - - t r ee  c ~ t i l i z a t i o n ,  

Table 5.--Hourly f im of materials through veneer a d  chip-preparation 

s e c t i o n s  of  a COM-PLY stud facrory at 100 percent efficiency 

Stud co res  produced 5,400 

Dry veneer  required for abcve s t u d  
co res  Including 5 perceac waste 

Dry veneer requ i red  473 

Green veneer logs required 1,507 

Green Logs t o  be  barked 

8-foot peeler blocks t o  b e  peeled 

P e e l i n g  r e s i d u e s  produced from 
c o r e s ,  round-up, and spur trir? 

Green wood reqtiired in addition t3 
pee l ing  r e s i d u e s  t o  supply wood 
p a r t i c l e s  for p a r t i c l e b o a r d  co res  
(assumed t o  cone from tops of trees 
above h e i g h t  where peeler blocks 
occur) 

Small l o g s  from upper t r e e  stems t o  
be barked for woad p a r t i c l e s  

12-foot-bong small logs t o  b e  barked 

Water removed from green veneer 
during dry ing  

Water removed from green wood ch ips  
dur ing d ry ing  

One of t h e  most important u s e s  of table 6 is to compute ratios For the f l o w  
of v e n e e r ,  veneer residues, and l i n e a r  f ee t  of logs through t h e  fac~ory, Some of 
t h e  more i m p o r t a n t  r a t i o s  a r e  shorn  in table 7 .  Fer exzmple, table 7 shows that 
t h e r e  w i l l  be 2.04  c u b i c  frtt af green peeling r e s i d u e s ,  9 veneer,  and f ishtaiL 
produced for each dry cubic foot cf d r y  C and b e t t e r  veneer produced, Tbt ratios 
shown in table 7 were used i~ the, c o m ~ u t e r  a3a:ysis tc ob"i in !?curly f l o w  of wood 
p r o d u c t s  shorn tn t a b l e  5, 

For p r u d u c t i c ~ :  of' 5,ACiCI s t i l ds  .;er :lour a d  spread rates  o f  Li: 1b,!yft3 cf glue-  - - 
iiae between verieers a n d  SO ?b/?ff~"jiltween sfcqeers and the  core, t h e  hour ly  qijan- 
tities of phenol-resorcincl ad i -~es ive  iacltdierig catalyst cafi b e  computed. Four 
hundred thirty-;we p m d s  i~i n i x e d  adhesive worrLd be r e q u i r e d  per t o u r  on veneer- 
Ire-veneer g l u e 1  L?es acd 864 poxrids per hour on veneer-to-part PcLebcard g l u e 1  h e s .  

Operating costs are needed co de t e r rdne  ann11aL n e t  ezrn ings  or cash proceeds 
that w i l l  result f r o n  t h e  inves tment ,  O p e r a t i n g  c o s t s  p r o v i d e  L ~ s i g h m r i n  how the 



cos t  of produc tng  CO!4-PLYsttuds compares w i t h  the cost cf producing sawn lumber 
studs, The following d iscuss ion  is concerned w i t h  o p e r a t i n g  cas t s  to produce 
COX-PLY s t u d s  at 1975 ?rice l eve l s ,  In t h i s  study, it is assumed that t h e  factory 
operates 6 d a y s  per y ~ e e k  and 50 weeks pcr  year, Out of each 24-hour day,  it i s  as- 
su:?;ed t h a t  there are 2 2  hours of useful ~ork. Efficieccy i s  thus about 92 p e r c e n t  
o r  0,6C)G h c u r s  o f p r o d u c t i o n  per year, Such h i g h  e f f i c i e n c y  is p o s s i b l e  because 
g n l v  a s;i?qie itern i s  '?eir,p ~ : l y l p  arid the  siit:ry, 3 r d  s? :ir.:.i:- - - - - -  &, L ,  .*.-:- 1,;j.I 1 !:e sr3.l 1 * 
<- - -  1 .>i : .. : ,  3 . i r . : :  /z-re c?f l . ' l r -  lc-icic-.. 31 about 

85 pcrrcexlt, 

Potent;ai rla-iGfac---r-c~; ,,:- C.I;!*;--;-L; ' :+yc.  s ,  - (  -,:I .,ocrce+; o f  wocd for fj?iir 
. . . ~ f a c t o r y ,  ?r,c. ' ; l c : t % ~ : i  05 D,:~c-~,~::%, L; ~0 '3. ; " 1  - i 7 - . ' - ~  :. ~ J ~ z L -  ' ~ C ~ I C ? I - T  and ~ O W P , C X - -  

- : j  1 r C S ~ ; . . i .  r ... ,: - i f i ~ -  iii :,, . L L s ~  la:~,3 :: >d - L : , : . - , . _5lloj--;cr me tk r~d  t3  
T,-,- .-~ ; i i r i i I i i i ~ e  " ~ i i  t rec i - :mg~ir  t h i b s r  ~ n d  ~ r o r t i s i :  ::" ;f +:,,. < , < > - ? -  .. ..< '>Lts.>,Ld m t h c d  is used, vc- 
r~ezr  =f =hi needed o u a l j t ~ ;  aiisr b e  prr i l t - 'd  frcrl. t;in; :crtinn of the "-ri. -e. j . i f i  2 anon- 

. . i q - 1  ~ji:i7;c5tc.~r c f  2 ;-rsc:;lEL; Lt;- :;zT,z6?r: . L I , $ . - .  .. A t  L ! - . ~  "-, , i i -L~ i,r::; ; psl : ; . : i . . - ;  ~ s ;;rd po-"-in:zs of  ehe 
tr?c t o 5  ~ ~ a i . 1  .;o ? F . ~ I  :ru:"; be c c - V c , - r r p J  tc: wc-.s<', ;;br-i,Tes f;-- t:ri; ~ a r t i ~ l e b a a r d ,  

1 -  - .. L - .., - 
We ha-~e  used  :he c;ei.gnb m e t i a d  i~ ';!ti.-, < ~ c v J I . ~  i?; ;Ile =,ant merhhcds p c s s i h l e  f o r  
purchas i r rg  woo? for C';I~f-PI,Y stud-, t l i k  ?I..- :-;;t r t : ; ; l i t s  21 ! i i g h ~ s ~ _  htem-al. rate 
- 4 ;,; r e t u r n  31: ~h Cin-i~s;~t:~"4':~~i!.7 :;- . . *  ' ' ~ 7  - - , i : l c i iL , -c  f T ~ T ;  -crep- leng~ ' ; .  t irLber has 
d j  , t i n c t  ad-jar;.iag2c; :~'i.iic:i uf"-;et ; ": c ,  - ; ,L  +:::-r,l;:is, 

*One advantage of iisi;ig ii~l?-rrc-c-L-.-,~qtk.~ t i m b e r  2s that t h e  p a r t s  of t h e  tree - c - i 3  c sliall to pee!., - is  ;;.<.it E!.,: -a?' : .  - . - 
r, .- - . . r~ .. -. -. : r7-;es .. ,. from rhe  veneer operat:or, J C O I ~ S ,  

' .  r oundup ,  spur-"; i~c),  a r i .  cLL:a-:er ,;?-! 05 ,r;lr.cr :,gelit.: Chan a i L i  resii'j-es t ;rpj.caEly 



t e d  from sucii a 
d scrap v,zoul$ b e  - 8 ,:L:mt, t::m-J ica.;r-s 

21r;o widr;:-ls f ( > ~  

-,-, c:1c ,. r. LJ..- at the 

f o r  gnm. Fnl1.- 

.i.,gs, Assuning 

be o b t a i n e d  



t h i s  s t u d y ,  c o s t s  o f  g reen  wood were assvmed t o  i n c r e a s e  at a compound r a t e  o f  
7 p e r c e n t  p e r  y e a r ,  as t a b u l a t e d  below: 

Yearly p e r i o d  

( d o l l a r s l c u b i c  f o o t )  

T y p i c a l l y ,  prices o f  sof twood t imber  f l u c t u a t e  w i t h  p r i c e s  o f  softwood lumber.  
However, when prices of  p ine  sawtimber are rising rapidly h e c s ~ ~ n c  oi strang Eenand, 
t i le  p r i c e  of  hardwood u s u a l l y  remains  r e l a t i v e l y  consfarit .  Therefore, the cost per 
cubic  f o o t  of i mixture of hardwoods and ssitwoods would rro'~:l- not ~ i r a l s t e  as 
r a p i d l y  i n  a p e r i o d  of  strong demand as t h e  cost of  s n f i r ~ c -  z-:;. 

Figure  2---Flake- type particle made from p e e l e r  cores; t h e y  can he c o ~ t e d  
s a t i s f a c t o r i l y  w i t h  6 p e r c e n t  r e s i n ,  

i b  



The volume o f  veneer ir, a  s t u d  i s  about 20 t o  30 percent  of t h e  s t u d  volume, 
whereas t h e  volume of C and b e t t e r  veneer i n  an average mixture of southern  p ine  
t r e e s  is s l i g h t l y  over  30 pe rcen t .  I n  o t h e r  words, t h e r e  i s  a  s l i g h t  su rp lu s  of 
veneer  genera ted  in rnaking COM-PLY s t u d s  when f u l l - l e n g t h  southern  pine t imber  is 
used,  Thus, t h e s e  a r e  o p p o r t u n i t i e s  t o  reduce wood c o s t  by supplementing t h e  fac- 
t o r y f  s raw mod s u p p l y  w i th  low-cost, h igh-qua l i ty  r e s idues ,  such a s  waste  from a 
plywood m i l l ,  

Veneer f o r  COM-PLY s t u d s  does n o t  r e q u i r e  h igh-qua l i ty  t imber ,  This s t u d y  
is  based on veneer grades  and y i e l d s  of sou thern  p ine  from timber of  No, 2 saw- 
l o g  q u a l i t y ,  

P o t e n t i a l  manufacturers of CON-PLY s t u d s  must cons ider  a l l  t h e  factors d i s -  
cussed and select  t h e  r i g h t  cornbibaiatian from t h e  wood supply a t  their d i sposa l  when. 
making their own a n a l y s i s  of economic f e a s i b i l i t y .  However, t h e  quan t i t y  of  r e s i n  
required 3 o k e  a s t u d  that  w f i l  meet t h e  q u a l i t y  s t anda rds  f o r  t h e  produet i s  
g r e a t l y  L?fl.uenced by the t y p e  of  wood used t o  make t h e  particles, 

p a r t  icleboarll XESLI 

F i g u r e  3 shows h d u s t r f a i  average p r i c e s  f o r  t he  phenol ic  resin used in  
p a r t i c l e b o a r d  on a 100 percent  s o l i d s  b a s i s .  From 1.955 t o  1973, t h e  prFce of 
phenol ic  r e s i n s  steadily dec l i ned ,  Then in 1974 t h e  p r i c e  r o s e  d r a s t i c a l l y  a s  
a  r e s u l t  of  sho r t ages  of petrochemicals  and p l an t  capac i ty .  This s tudy  is based 
on t h e  1975 p r i c e  of $0,31 per pound f o r  phenol ic  r e s i n  and an es t imated  p r i c e  
i n c r e a s e  a t  a  compound r a t e  of 5 percent  per  year .  

t 956 1960 1965 1970 1975 
YEAR 

F i g u r e  3,--Price sf phenolic resin peer dry pound on a 100 percemt solids basis, 



Resir, C a t a l y s t  

Research p e r f c m e d  f o r  <'he Forest: Service a". Xazhinsigtors. State C n i v e r s i t y  
showed t h a t  p h e n o l i c  resir, b i n d e r s  for p a r t i s l e b n a r d  cx i  be cured L? ,960 m-hsatites 
at a p l a t e n  temperature of 400" Xi" a c a t a l y s t  i s  used to accelerate c u r i 2 g ,  
k s s u ~ l n g  that  the t i m e  f o r  j)resGs ~ . s ~ L ? z z ,  clesl.nii;, spenLng, and mlc?adring ciioes 

. '  * 
:%.  r exceed 7 m i n l l t e s ,  ir t i  i>-s . -  13. : ' ' . - - -  . ..-. '. . ~ ? - ~ ~ - i - ~ i P . ~  i,ii..L .- gy;?er: c y c l e  ('he tj-.se 
~ - ~ ~ ~ ~ F ; ~  i s  t h i s  stad:?) k~hen a .-a&,z:vzec: r ; - % f 7 ;  ' r ; i , , t d L ,  :---:-T 4s used,  I%.; i975 price. f o r  
tl\e r,a"iaiys?l was 3 , 4 8  per Liquid pola~i; ,  The anrumr c f  1 iqu i .d  catal : j t  required 

- .  
i c  6 percesz 2; :i;e iiry r e s k  bir ider  -6.3, Cs taLys r  G r i c e - ,  ape also est imatei ;  to 
i ~ c r e a s e  at a c:sr~po-w~d satt- of 5 percent per :rear, 

ParticieG>zr d Wax 

Liq.;lid wax emulsions are adZ:d t.1- ?ar:icieboard I?.i order to redilce r h i c k n e h ; ~  
s x e f i i n g  wher t h e  garticleboarcf i s  s,i;akisd .in w a t e r  ztir s h o r t  p e r i i . ~ ; ~ ,  x1$se e;r&- 
sicrns, ra;ighlv 5 i h a l f  ;.ax solids, w e r ~ :  ?r:.-fid at So,0$ -~ t .:lj ' ~(1 - ~ o v y - ~ s  , I  3-71 - ' 7 5  In 
t h i s  sr:idy, ;:e itied t h i s  19'75 ?r ice  5. i r  L--, c,~c',.o_ ,.t>st;ne;% - p ir wo?;ld Lncrease 
a& a compa 51:. c; we.* -  1 1 4 1 ~  ijf 5 percent per 

Laminat bag 4dhes F-;e 

Phenol-resorcinol agncsives that cure i,: .-,>am temperature ;are w i d e l y  ased f o r  
Ismminating large structural ti-iibers, Such ad?. ; i-t;.: are 3 i i i i ~ t u r e  of f i v e  parts 
L i q u i d  phenol-resorchcpI resin and one part ?a: . ' .>_.malildehj-de hardener  Is:r w e i g h t ,  
C o s t o f  t lxse adhesives when mixed was a b o u t  Yi-:..51; pe r  l i t ~ u i d  p01m.d in  1975, ?he 
adhesives c o n t a h  a l a g s  percrl-taai.,c: of resorcho'L :? orde r  iri; a l l o w  w r i n g  at 
ro<on temperature ii7 a f e w  h o u r s ,  biia: t h e  adhesi t~e <:a12 r;e cured w i t h  high-frenuency 
h e a t h g  zqui~r;aen"iin, j u s t  a f e w  m i n u t e s ,  By redracing t?.:; ; lmcunt OF resirircinol 
res in  and i n c r ea s ing  the amount 317 p h e n o l i c  resir?, the --:st :-c.*-? ., .,.d be reduced to 
about $9-25 per I i q i d  p o ~ s d ,  Two mjor ~amnfac rc re r i ;  said r '..-.c the-  xsubd: s u p p l y  
a 4am%fia~;arring resorcinsl-modif i c d  phenol adhesive tha t  c o u l d  be ctired w3l .a  high- 
f requency heat  at a cost  of 9nl-j $C!-25 r,er mixed liquid pelr-rid .i:? 1975, Wc adopted 
t h i s  p r i c e  f o r  t he  present  s t u d y  and ass-ined that prices w0uS.d k1.6creiise a"i acorn- 
pound rake o f  5 percent per  y e a r ,  

Tcta i  rrnauaP cos t  for materials i s  f o ~ m d  by m u l t i p l y i n g  the q u a n t i t y  o f  m a -  
terials f l o w i n g  per hos~ r  t i a e s  6 ,600 hsuzs per yrar timccs the mft  price o f  t ? : ~  
materials (table 8)- This  cost was ra lcokated  to be $!3,232,010, 

tabor cil?sta vary w i t 1 1  t h e  Levels o f  s k i l l  ilema-rded c f  workers ,  f r i n g e  benefits 
paid, and geographic locat ton, Labar w a g - ~ s  have been r i s ing  rapidly s i nce  1961, 
Table 9 was developed from i n d u s t r y  reviews to show t h e  wage ass~~=c-cincs iised in 
t h i s  s t d y  f o r  ~ z a r i o c s  l e - ~ e l s  05 s k l l l  from 1975 throngh 1985, We s3sunc23 c k a t  
t he  f a c t o r y  would be b u i l t  irs k"Knsas and pay ;rages h.cXudi_rrg f r i n g e  benefits at 
the prevai l ing  rates -in t h a t  State, Table  i O  l i s t s  a l l  o f  t h e  job desc r ip t ions ,  
number of workers ,  cumber of s h i f t s  worked, wage rate paid, hours  worked per  day ,  
a ~ d  d a i l y  l a b . ~ r  cost for each operation, Tota l  d a i l y  l a b o r  cost was calculated 
to be $7,50?,G8, % i s  sum m u l t i p l i e d  by t h e  309 days worked per year i s  the total 
annual  Labor cos t ,  At f d l  production capacity, t h e  an,nual l a b o r  cost  at the 1975 
rate i s  $2,268,024, 

The annual cos t  f o r  l a b o r  x k l l  escalate e f p o r e n t i a l l y  from y e a r  to year, as 
Lqd ica ted  b y  t h e  growth r a t e  in t a b l e  9, O f  cegrse, the iimomt o f  l abor  required 
du r ing  t he  beginn ing  years w i l l  be less t h m  when t h e  p l a n t  reaches id1 p r o d u c t i ~ x ,  
In f a c t ,  d u r i n g  the first-year ccnstruction period (I975,8, there w i l l  be 30 dsrect 
l a b o r  e a s t ,  



Table 8.--Annual c o s t  of m a t e r i a l s  f o r  a COM-PLY s t u d  fac to ry  

Eio u r  s - - -  -- -Dollars-  - - - -- 

Wood (green- t ree  l eng th )  1 ,921  f t  
3 

i( 6,600 X 0 . & 0 / f t 3  = 5,071,440 

P a r t i c l e b o a r d  r e s i n  2,646 lh (d ry )  X 6,600 X .3L/1b = 5,&1?,716 

P a r t i c l e b o a r d  c a t a l y s t  106 l b ( 1 i q u i d )  X 6,600 X .48/Lb = 334,808 

P a r t i c l e b o a r d  wax 459 lb (1 iqu id )  X 6,600 X .09/Lb = 272,646 

Laminating adhesive  1,296 Ib (1 iqu id )  X 6,600 X .25/1b = 2,138,400 

T o t a l  13,232,010 

Table 9.--Estimated l a b o r  c o s t s  ( inc lud ing  fringe b e n e f i t s )  of opera t ing  
l/ a COM-PLY s t u d  f a c t o r y  i n  k k a n s a s  from 1975 through 1985- 

- - - -  -Dol lars  pe r  hour- - - - - - 
1975 4.96 4.54 4 -02 

1976 5.23 4.78 4.24 

1977 5.51 d s ,, 4-4'  r %: 

19 78 5.81 5- 12 4-71 

19 79 6.13 5 , b i  4 - 9 7  

19 80 6.46 5 - 9 2  i % YL 

19 81 6.82 6.24 5,52 

1982 7.19 6 .58 5.82 

1983 7.58 6.94 6 . 1 4  

19 84 7.99 7.31 6 . 4 7  

1985 8.42 7.71 6.83 

- 

L/lv'ages e s c a l a t e  by t h e  amount 10 0'023(n-1) where n is  L t o  11 for  

yea r s  19 75 through 1985. 

Energy Cost 

A CON-PLY s t u d  f a c t o r y  r e q u i r e s  two t y p e s  of  e n e r g y  f o r  i t s  opera t ion- -  
e l e c t r i c a l  and t h e r m a l .  Some o p e r a t i o n s  r e q u i r e  bo th  e l e c t r i c a l  and t h e r m a l  e n e r g y ,  
w h i l e  o t h e r s  r e q u i r e  o n l y  o n e .  Ac tua l  ene rgy  c o s t s  depend on t h e  volume o f  mate- 
r i a l s  b e i n g  p r o c e s s e d ,  e f f i c i e n c y  o f  t h e  machinery,  f u e l  t y p e ,  and f u e l  c o s t s .  

Tab le  11 l i s t s  t h e  impor tan t  ene rgy-us ing  o p e r a t i o n s  i n  a COX-PLY s t u d  f a c t o r y  
and shows t h e  e s t i m a t e d  q u a n t i t i e s  of  e l e c t r i c a l  and t h e r m a l  e n e r g y  f o r  a g i v e n  
p r o d u c t i o n  u n i t  p e r  hour .  For  example,  t a b l e  11 shows t h a t  d r y i n g  c h i p s  r e q u i r e s  







I b  kCLillow;ltt hours  3 f  elecrr-bcaL energy f o r  every greeil tan cf ch ip s  processed and 
i ,bi) ' i  B ~ L  o f  t h a m i  energy irjr every pound of water removed from the  ch ip s ,  Tke 
, r i u e s  f u r  energy shown Lr t a b l e  91 are estimates; a c t u a l  values i n  a factory c o d d  
gar;. ~ d e L y ,  iiependkng on machine eff i e iency  , 

T a b l e  12  shows the energy co-nputairions. For example ,  the amount: of green wood 
+- be  chipped and d r i e d  (from tablie 4 )  i s  87,742 pounds per hour of peeling residues 
2nd 7,366 pounds per hsur sf srrall top logs. m e  total is 94,808 pounds per hour 
CP. S7,ic tons  per hour. The estimated electrical energy required for drying chips 
i s  PI? h i l o w a t t  raaurs per greerr ton (from t a b l e  II) times 4 7 , 4  green tons  p e r  hour 
or 853,2 kilowatt hours per t-ur, Table 5 shows that the amount of water removed 
from green chips i s  50,711 p . ads  per hour, The estimated thermal energy required 
to d r y  t he  green chips is cbtaaned 5.1 m t ~ l t l p l y f n g  50,711. pounds of  water p e r  hour 
times 1,800 B t u  per pound of dater rewved o r  41,239,800 Etu per hour, The values 
for electrical energy are based on fa15 -rated horsepower of motor-driven equipment 
and must be reduced to 70 percent of the \*aSues shown i n  order to be move realistic 
about actual loads 03 the motors, Far elecerilelty cos t fng  $0,054 per kilowatt hour, 
the cost  per year for electricity is $415,060; for thermal energy costing $ 0 - 0 7  per 
therm, t h e  cost  per year i s  $649,00G, Tke total snergy cost per year for t h i s  anal- 
ysis is $1,064,000 in 1975, In this study the price of fuel. increases at a c o m p m d  
rate o f  5 percent  per year, 

Other Production Ccses 

There are various other costs a:.-ociated w i t h  iirarmfacture tha t  need to be 
accounted for in operating a factory. .  These c ~ s t s  are bes t  obtatned from accounting 
records o f  an ac tua l  f ac to ry ;  the aosuxrits sham in table 13 are rough estimates, 

Sales promotion expenses were a r b i t r a r i l y  assumed to be 6 percent  of  the  1975 
sales -if the p lan t  had been o p e r a t i n g  at f u l l  capacity an@ were distributed over 
"te first 3 years ~ r '  ope ra t i on  WL dec l i n ing  anionts of 3 pe rcen t ,  2 percent ,  and 
i percent of sales, 

k p r e c i a t  ion Cos t s  

k~reciatioa expense mush be computed in order to determine the mnufactur5r1g 
cos t s  f o r  studs and taxable L~ilcorne and to determine r e t u r n  on Erivestrnent, In de- 
t e r n h i r i g  manufac tu r ing  costs, t h e  s t r a i g h t - % h e  method o f  depreciatioe-: was use&; 
ir, detcrmiining r e t u r n  on the sum-of-the-years digit method was used, 
In t h i s  study, buildkgs, facilri t ies,  and machinery were depreciated over the 
10-year investment period, 

MTSUiiL, S E E S ,  OPER(ITLUG CAS9 FLOWS, AYE) TOTAL, W ' J F A C T L ~ R L N G  COST 

The purpose  o f  this section 5s to determine tke cask proceeds or n e t  earnings 
that accrue tc the business as a r e s a l t  o f  n;anufaccurLqg opera t ions ,  In computing 
net e a r n i n g s ,  i r  IS necessary fLr s t  to compilte revenue f rom sales and then to sub-  
t r ac t  mc;reufacti,rii~g costs and. taxes ,  

Saxe ?rice has te b e  assumed f o r  t h e  p roduc t ,  In this analysis, therefore, 
the p r i c e s  of CaM-PLY s t u d s  are assumed "i compete with those of s a m  kiln-dried 
sti~iis, 

It rs extreme%y d i f f i c u l t  ea make accurare predictions of stud prices became 
"iq f f u r t l ~ a t e  w i o e l y  with various economic conditions, The average f ,o , b e  mill 
price o f  krln-lried Hem-fir studs was $6%.83/?4 board feet 1960 and rose t o  
$454, L7/1+ board feet in I976 (Evans 1976). This rise in price  i s  about h O  percent 
cornpir;,;; grcrwth  f3r a 10-year per iod,  In 1935, the average f , o * b ,  mill prlaie for 
r i i n - d r i e d  He=-fir studs w a s  $ h 2 6 , 3 3 / ~  board feet, The year 1935 was a per iod  c f  



r e c e s s i o n ,  low home-bui ld ing a c t i v i t y ,  a n d  i o v  lumber  p r i c e s ,  We t h e r e f o r e  e s t i -  
mated t h a t  s t u d  p r i c e s  would i n c r e a s e  a t  a lower  compound growth r a t e  sf 7 p e r c e n t  
d u r i n g  the i nves tmen t  per-roc1 fx-or1 1975 t o  1885--about 3 percent l e s s  grcwth than 
d u r i n g  t h e  p r e v i o u s  10-year period. Three  p r i c e  l e v e l s  f o r  COY-PLY s t ~ u d s  i n  i975 
were used  i n  the study; t h e  E i r s C  was assumed t o  be  5121.50/~ b o a r d  f e e t ,  t h e  
second was assumed t c )  b e  $130.00/?4 board f e e t ,  and t h e  t h i r d  was a s s u n e d  t o  be 
$136,50/31 board f e e t .  S i n c e  1875 whs a p e r i o d  of  r e l a r i v e l y  law lumber  p r i c e s ,  
t h e  second  p r i c e  l e v e l  p robab ly  most closely r e p r e s e n t s  t h e  b a s e  for t h e  long-tern 
p r i c e  t r e n d  for s t u d s ,  Table 14 shows f . 0 . b .  m i l l  p r i c e s  f o r  CI):I-PLY s t i ; d s  a t  t h e  
t h r e e  i e v e l s  dir;ring t h e  inves tmen t  pertood. 

1' 
Tab l e  12.--Estimated ene rgy  r e q u i r e d  p e r  h o u r  t o  produce CSbI-PLY 

Ener&v/huur -- 

O e e r a t i o n  i t  ili? i t Ejecri-ical 1 IT~eimal 

kK h -- Btu -- 

Barking  l o g s  0.Gt26 X 4,465.9  = 26.79 

Hogging f u e l  30.000 X 7.6 = 210.!30 

Conveying c h i p s  35.000 X 61.2  = 2,212.00  

Steaming b l o c k s  110,000 .GO0 X 59 .7  = 6,567,000 

Log cu t -o f f  

Log s o r t i n g  

P e e l i n g  veneer  

Veneer d r y i n g  

Veneer d r y i n g  1,800.000 X 20,0G4,04 = 36,CCi7,362 

Conveying veneer .003 X 22 ,680.0  = 08.04 

F l ak ing  wood 28.000 X 6 7 . 4  = 1 ,327 .20  

t i a 1 1 m e ~ i 1 1 i n g  20.000 X 47.4  = 948.00 

Drying c h i p s  18 ,000 X 47.4 = 853.20 

Drying c h i p s  1,800.000 X i 0 , 7 l l . 0  = 91,279,800 

Sc reen ing  c h i p s  .400 X 2 2 , 1  = 8.81  

Blending  8.000 X 22.1  = 176 ,80  

Fanning n a t t  5.000 X 24.8  = 124.~16 

P r e s s i n g  m a t t  6.000 X 2 4 , 8  = 148.80 

Hea t i ng  m a t t  140,000.000 X 21 .8  = 

Hea t ing  c a d s  100,000 .GO0 X .O = 

Water l o s s  80,000.000 X 24 .8  = 

RadFdti.cn i o s s  9 ,000 .000 :< 24 .8  = 

Convection i e s s  8,000.000 X 24 .8  = 

F i n i s h  s t u d  .001  X 5 ,400 .0  = 5.40  

Laminate s t u d  

Laminate s t u d  

Tot a1 

1 / 
- Fac to ry  1s assumed t o  work 6 ,600 hou r s  p e r  y e a r .  HcurLy t o t a l s  Lci 

k'Vh an3 Btu  nus st be  n u l t i l p l i e d  b y  t h i s  v a i u s  t o  o b t a i n  y e a r l y  t o t a l s .  

L l -  - r , i e e t r i c a l  ene rgy  is  70 p e r c e n t  o f  rcotal i n  o r d e r  t o  a ccoun t  f o r  

motors n o t  r unn ing  a t  f u l l  r a t e d  horsepower .  



Table  13.--?iiscellai~eoi:s p roduc t ion  c o s t s  i n  o p e r a t i n g  a CO?l-PLY s t u d  f a c t o r y  

i 

Cost  I I P e r c e n t  s f  I 

P e r c e n t  / l a n d ,  b u i l d i n g ,  and S a l a r y  
of s a l e s 1  f a c i l i t i e s  c o s t  , ( ~ n  1975) -- -- - -- - - - - -- 

D o l l a r s  

P r o a u c t i o n  s b p ~ l i e s  2 .6  

General  manager 

Off i c e  manager 

O f f i c e  c l e r k s  ( t h r e s  a t  $6,000 each) 

Grade-ce r t i f i cd t io ; ;  f e e s  1 . 0  

Other  d f f i c e  a d n i i ~ ~ i s t r a t i v e  expenses  . J c: 

S a l e s  prono t i on  6 . 0  

F a c i l i t i e s  maintenance 

F a c i l i t i e s  t a x e s  

F a c i l i t i e s  i n s u r a n c e  

S a l e s  expense 

Contingency expense 

Table  14.--Estimared f .  0 . h .  m i l l  p r i c e s  f o r  COY-PLk \tuds 

d u r i n g  t h e  inves tmen t  p e r i o d  from 1975 t o  1985 

- 

P r i c e  l e v e l  ---- 
I (3) 

- - - -  -Dol l a r s  per M boa rd  f e e t -  - - - - 

19 75 123.50 130.00 136.50 

Given a c h o i c e  be tween CCPf-PLY and  c o n v e n t i o n a l  sawn s t u d s  a t  t h e  s a m e  p r i c e ,  
t h e  builder p r o b a b l y  would c h o o s e  GO?I-PLY b e c a u s e  t h e y  do n o t  warp.  B u i l d e r s  o f t e n  
r e c u t  10 t o  2 5  p e r c e n t  o f  t h e i r  c o n v e n t i o n a l  s t u d s  i n t o  s h o r t e r  lengths f o r  u s e  as 
b l o c k i n g  o r  s h o r t  nernbers b e c a u s e  of e x c e s s i v e  warpage .  Thus,  b u i l d e r s  might even  
pay a premium p r i c e  f o r  COM-PLY s t u d s ,  a l t h o u g h  w e  have  n o t  made t h a t  a s s u m p t i o n  
i n  t h i s  s t u d y .  





---- - 1 / Tab le  15.--Tenmyear c a sh  f low from o p e r a t i o n s  o f  a CO=Y s t u d  f a c t o r y -  

5 1976 7 1978 - -  1 9 8 7 - - 1 9 8 1  LJqRi- =Z!e!!-- - -- - - - -- -- - - - - - - - - - - - - - - - - - - - - - - -lkousands of dollar.- - - - - - - - - - - - - - - - - - - - - - - - - - -- 
A. S a l e s  

COM-I'LY s t u d s  0 5 ,288 .0  22,632.7 30 ,271 .3  32 ,390.3  14 ,657.6  37,083.6 39 ,6 /9 .5  42,457.1 45 ,429.1  
l e r n i l n a l  s a l v a g e  0 0 0 0 0 0 0 0 206.0 0- _ ---- -- _ _ - _ __- -- 

l o t n l  0 5,288.0 22 ,632.7  30,271.3 32 ,390.3  34 ,657.6  37,083.6 ~?,6_79.5 4Z4457.1 45 ,635.1  
===z--==z=--=-- ---~-----~--~---____------a__l_l--__ ------_l 

B .  Raw m a t e r i a l s  
Logs 
P a r t i  r l e b o a r d  r e s i n  
Pa r t i cLeboa rd  c n t a l y s  t 
P a r t i c l e b o a r d  wax 
Laminat ing  a d h e s i v e  

T o t a l  

C .  P roduc t i on  expense s  
D i r e c t  l a b o r  
Power and f u e l  
P r o d r ~ c t  i on s u p p l i e s  
Maintenance s u p p l i e s  
U t i l i t i e s  

T o t a l  

D. A d m i n i s t r a t i v e  expenses  
Gene ra l  manager 0 26 .2  27.6 28.9 30.4 31.9 13.5 35.2 

0 
36.9 38.8 

Of f i r e  manager 18.9 19 .8  20 .8  21.9 23.0 24 . l  25 .3  26.6 
0 18 .9  

27.9 
C l e r k s  (3)  19 .8  20 .8  21.9 23.0 1 4 . 1  25.3 26.6 

52.9 
27.9 

G r a d e - c e r t i f i c a t i o n  f e e s  0 226.3 302.7 323.9 346.6 3 i i i .  8 
O t h e r  0 

396.8 424.6 
26.4 113.2 

454.3 
151.4 173 .3  

l o  t a l  0 
162-0 --- --- 198.4  212.3  227.1 5 2  - -_ 

143.4 406.7 524 7 -- 2 - -- -- 560.0 P-= 597.7 -- - 776.1  " 7".0--681,0 - - - - 1 2 7 . 0 -  -- -- - - -- 
E. S a l e s  proniotion 741.3 494 .2 247.1 0 0 0 0 0 0 0 

F. F a c i l i t y  expense s  
Main t e n a n ~ e  34.8 73.0 76.7 80.5 84.5 8 8 . 1  93 .2  97 .8  
Taxes 

102.7  
8.7 

107.9 
1 8 . 1  19 .2  2 0 . 1  21 .1  22.7 2 3 . 3  24.5 25.7 

I n s u r a n c e  8 .7  1 8 . 3  27.0 - - 19.2  20 .1  21 .1  22.2 23 .3  24.5 25 .7  27.0 - 
T o t a l  52 .2  109.5  115.0  I z 0 e 7  --- 1 3 3 . 1  139 .8  146 .8  154.1- -==---==_- - 126.%-- - - 161 .8  -- - -- ---.I-- 

G. Cont ingency expense s  0 105 .8  452.7 605.4 647.8  693.2 741.7 793.6 849.1  908.6 
ti. S a l e s  expense  0 264.4 1 ,131 .6  1 ,513 .6  1 ,619 .5  1 ,732.9  1 ,854.2  1 ,984.0  2,122.9 2 ,271.5  
1. Cos t  o f  o p e r a t i o n s  793.5 7,559.6 20,211.7 24,901.2 26 ,064.0  27,309.4 28 ,642.7  30 ,069.3  31 ,594.8  33,225.6 

(B+C+D+E+F+G+H+L) 

.J. Taxab l e  income (A-I) -793.5 -2,271.5 2,421.0 5 ,370 .1  6 , 1 2 6 . 3  7,348.2 8,440.9 9 ,610.2  10,862.2 12,409.4 

K. Income t a x  (52% X J) -412.6 -1,181.2 1 ,258.9  2 ,792.5  3 ,289.7  3 ,821.0  4 ,389 .3  4 ,997 .3  5,648.4 6,452.9 

L. D e p r e c i a t i o n  
Machinery 0 1 ,479 .3  1 ,331 .4  1 ,183.4  1 ,035 .5  887.6 

0 
739.6 591.7 

F a c i i i t l e s  443 .8  295.9 - -- 522 .8  406.6 148.5 232.4 580.9 -.I--- --_&7 ---90.4-- _ _  ----___ 116.2 1 7 4 . 2  
Co t a l  0 2 060 2 824.1  412 .0  L---Q= _ --U~L--_ - 1 ~ 2 ~  1~ _-LL~~_.I -_-__.I 1s 3; - -- -- - -(a~--- -_ ----- ---- _----I 

M. A f t e r - t a x  p r o f i t  ( J -K)  -380.9 -1 ,090 .3  1 ,162 .1  2 ,577.6  3,036.6 3 ,527 .1  4 ,051.6  4,612.9 5,213.9 5 ,956.5  

N. N e t  e a r n i n g s  (M+I.) -389.9 969.8  3 ,016.3  4 ,225.8  4 , 4 7 8 . 8  4 ,763.2  - . 0  5,831.9 6,368.6 
- - -- - - - - - - -- - 

LiData may n o t  e q u a l  t o t a l s  because  o f  rounding  and  t r u n c a t i n g .  



per s t u d  and by 190,080, 

pu t ing  t h e  opexa t ing  cos t  

e 16.--Estimated 

s tuds  made i n  Arkans 

Raw mater ia l  

Par t ic leboard  r e s  

Resin c a t a l y s t  

Veneer adhesive 

Power and fue l  

FLOFJ5 AHD INTERNAL RATE 

The previous s e c t i o n s  d e a l t  w i th  t'he es t imated  investment t o  b u i l d  a CON-PLY 

ment they can expect  from the  cash proceeds o r  n e t  e a rn ings .  

sum. The $uture  sum i ac ludes  t h e  o r i g i n a l  amount (p r e sen t  ; ~ i u e )  p lu s  i n t e r e s t  



accumulated ( r e t u r n  on Inves tment ) .  The $100 is ana logous  t o  i n v e s t ~ e n t s  -or c a s h  
o u t l a y s  t o  b u i l d  a  f a c t o r y ,  w h i l e  t h e  $106 i s  ana logous  t o  c a s h  p roceeds  r e s u l t i n g  
f rom p r o f i t a b l e  o p e r a t i o n .  I f  we d i d  n o t  know t h e  i n t e r e s t  rate f o r  t h e  p r e s e n t  
v a l u e  o f  $100 a n d  f u t u r e  sum o f  $106 f o r  a p e r i o d  of I y e a r ,  we c o u l d  find it by 
u s i n g  t r i a l  i n t e r e s t  rates u n t i l  we foun 
inves tment  . 

The p r o c e s s  o f  computing t h e  p r e s m  
rate is r e f e r r e d  t o  as d i s c o u n t i n g .  Sn t h i s  s t u d y ,  t h e  a n n u a l  c a s h  o u t l a y s  ( such  
a s  f o r  inves tment s )  a r e  c o n s i d e r e d  a s  n e g a t i v e  f u t u r e  sums and a n n u a l  c a s h  p r o c e e d s  
( such  as net e a r n i n g s  f rom p r o f i t a b l e  o p e r a t i o n )  a r e  c o n s i d e r e d  as p o s i t i v e  f u t u r e  
sums. The o b j e c t  o f  t h e  a n a l y s i s  i s  t o  f i n d  t h e  compound i n t e r e s t  o r  d i s c o u n t  r a t e  
f o r  10 annua l  p e r i o d s  when t h e  p r e s e n t  v a l u e  ( a t  t h e  beg inn ing  of t h e  inves tment  
p e r i o d  o r  t i n e  z e r o )  o f  t h e  c a s h  o u t l a y s  is j u s t  e q u a l  t o  t h e  p r e s e n t  v a l u e  o f  t h e  
c a s h  p roceeds .  T h i s  p rocedure  is  wide ly  used f o r  e v a l u a t i n g  t h e  economic f e a s i -  
b i l i t y  o f  i n v e s t m e n t s  and is o f t e n  r e f e r r e d  t o  a s  a d i s c o u n t e d  c a s h  f low a n a l y s i s .  
F ind ing  t h e  a p p r o p r i a t e  compound i n t e r e s t  o r  e is a t r ia l -  
p r o c e s s .  

e  a p p r o p r i a t e  d i s c o u n t  r a t e ,  a low i n t e r  
h  f lows  ( o u t l a y s  and  p roceeds )  o r  f u t u c e  

ue  on t h e  b a s i s  o f  t h e  rate s e l e c t e d .  I f  t t e d  n e t  a n n u a l  
i v e ,  t h e n  t h e  p r e s e n t  v a l u e  o f  t h e  cash proceeds  is  g r e a t e r  t h a n  

t h e  p r e s e n t  v a l u e  o f  t h e  c a s h  o u t l a y s  f o r  t h e  10 y e a r s  o f  o p e r a t i o n .  In  that c a s e ,  
a  h i g h e r  t r i a l  i n t e r e s t  r a t e  is  s e l e c t e d  and t h e  p rocedure  is  r e p e a t e d  u n t i l  a r a t e  

e d s  j u s t  e q u a l  t h e  neg- 
coun t  rate 

ud f a c t o r y  dur ing 

- 

- - - - - - - - - - - -  -Thousands of d o l l a r s -  - - - - - - - - - - - - - 
0 344.7 + -344-7 X 1.000 -344 * 7 -344.7 

1 -6,108. 0.9 = -6,489.1 X .8696 = -5,642.7 -5,987.4 

2  -8,843.7 + 969.8 = -7,873.9 X .7561 = -5,953.8 -11,941.2 

''bra may n o t  equa l  t o t a l s  because of rounding and t r u n c a t i n g .  

2 3 



The f i r s t  column in t a b l e  17 shows t h e  y e a r  o r  p e r i o d  o f  inves tment ,  Year 0  
r e p r e s e n t s  t h e  beg inn ing  of y e a r  1 ,  b u t  t h e  o t h e r  numbers--1 through 10--represent  
year-end t imes.  The n e x t  c o l u m ~  shows cash  o u t l a y s  f o r  investmefit  and i s  t aken  
from t a b l e  2 .  The v a l u e s  a r e  n e g a t i v e  because t h e y  reprccent cash o u t l a y s ,  except 
f o r  t h e  v a l u e  a t  y e a r  10. %is v a l u e  r e p r e s e n t s  working cap i t a l .  ( c a s h ,  i n v e n r o r g ,  
a c c o u n t s  r e c e i v a b l e )  t h a t  i s  recovered  at  t h e  end  of t h e  i n - ~ e s t m e n t  p e r i o d .  The 
recovered  working c a p i t a l  i s  t r e a t e d  a s  a p o s i t i v e  nontaxable c a s k  f l o w ,  

Column 3 i s  t a k e n  from t h e  n e t  e a r n i n g s  ( t a b l e  15). I f  p roduc t ion  o p e r a t i o n s  
a r e  u n p r o f i t a b l e ,  t h e  n e t  e a r n i n g s  w i l l  be  n e g a t i v e ,  However, i f  t h e  p roduc t ion  
o p e r a t i o n  is  p r o f i t a b l e ,  t h e  n e t  earnin.gs a r e  p o s i t i v e  and r e p r e s e n t  cash proceeds ,  

C o l u m  4 is t h e  sum o f  columns 2  and  3 and r e p r e s e n t s  n e t  annua l  cash f lows.  

Colunm 5 l i s t s  t h e  p r e s e n t - v a l u e  f a c t o r  for a 15 percent i n t e r e s t  rate. T h i s  
i n t e r e s t  r a t e  was s e l e c t e d  because it r e p r e s e n t s  a m i n i m u m  r a t e  of r e t u r n  on an 
inves tment .  At r a t e s  o f  r e t u r n  Less  tbaa 15  p e r c e n t ,  a company might b e  b e t t e r  
o f f  t o  i n v e s t  e l sewhere .  The v a l u e s  i n  column 4 r e ~ r e s e n t  f u t u r e  sums a t  t h e  end 
of  t h e  y e a r  i n d i c a t e d .  By m u l t i p l y i n g  t h e  v a l u e s  i n  c o l u m  4 by t h e  p r e s e n t - v a l u e  
f a c t o r  i n  column 5, t h e  amount i n  column 1 i s  d i s c o u n t e d  (noired backward th rough  
t ime)  t o  i t s  p r e s e n t  v a l u e  (shown in column 6 ) .  For example, at t h e  end o f  year 5 ,  
t h e  n e t  annua l  c a s h  f low was $4,476,800 and t h e  p r e s e n t  value o f  annrsal. r e t u r n  was 
$ 2 , 2 2 6 , 7 0 0 .  I n  o t h e r  words ,  i f  w e  had i n v e s t e d  $2,226,700 a t  t i m e  zero at a corn- 
pound i n t e r e s t  r a t e  of bS p e r c e n t ,  w e  would 'have a future sun- cf <b,67R9800 a t  the 
end o f  5 y e a r s .  

Column 7 shows t h e  cumula t ive  p r e s e n t  values c f  ztnnua!c~ii? E ; i  ws 117 ca7ur31 6 ,  
A t  a  d i s c o u n t  r a t e  of  15 p e r c e n t ,  the $17,OC.R,230 -Ire< T , n t  + ~ 1 c L d  1 - e  riaid \ i * ~  

8.44 y e a r s .  Thus, t h e  i n t e r n a i  r a t e  of  rltiirp ~s 21 ,C9 .r ~ r i t .  -r n the r  w o r d s ,  
i f  we had used p r e s e n t - v a l u e  f a c t o r s  :c.r a d i s c c i l n z  P G L ~  7 f  2 :  .['I9 pe rcen t ,  " L h e  rin- 
ves tment  would have been paid back a t  i1.e erd iif L'-r ~ P L - t  i rtidra Fcr a d i s c o u n t  
rate o f  21 .09 p e r c e n t ,  t h e  n e g a t i v e  pi-eceziz 1-a1uec ,i + z L  - r c c t l a y s  would j u s t  
e q u a l  t h e  p o s i t i v e  p r e s e n t  v a l u e s  o f  t h e  c a s h  prrcee s I y t  a* period, 

I n t e r n a l  r a t e s  of r e t u r n  were c a l c u l a t e d  f o r  t h e  t h r e e  p r i c e  l e v e l s  of s t u d s ,  
b u t  t h e  o p e r a t i n g  c a s h  f lows and d i s c o u n t e d  cash f low a n a l y s i s  a r e  shown o n l y  f o r  
s t u d s  p r i c e d  a t  $130/N board  f e e t  a t  t h e  m i l l .  kites of r e t u r n  and r e l a t e d  f a c t o r s  
f o r  t h e  t h r e e  p r i c e  l e v e l s  a r c  s u m r i z e d  i n  t a b l e  18. 

Table 18.--Payback per iods ,  i n t e r n a l  r a t e s  of r e t u r n ,  and break-even points 

f o r  a CON-PLY fac to ry  s e l l i n g  s tuds  a t  t h r e e  p r i c e  Levels ( f , o , b .  mill) 

Break-even 
iaives tmen t pe 

Years Percent ?i, hoard f e e t  

123  50 9.50 l 7 , 1 6  67,085 



DISLGSS IOSi zQ!D CONCLUSIONS 

Under a v e r a g e  c o n d i t i o n s ,  a m a n u f a c t u r e r  shou ld  b e  a b l e  t o  o b t a i n  an  internal 
r a t e  o f  r e c u m  o f  20 p e r c e n t  O r  inore on ari inves tment  i n  a  new COM-PLY s t u d  f a c -  
t o r y .  However, much g r e a t e r  p r o f i t  p o t e n t i a l  e x i s t s  i f  e x i s t i n g  f a c i l i t i e s  f o r  
-arruf,acturing p a r t i c l e b o a r d  and v e n e e r  a r e  c o n v e r t e d  t o  t h e  m n u f a c t u r e  o f  COM-YLY 
stuas, For such  a c o n v e r s i o n ,  inves tment  would be  l e s s  and  p o s i t i v e  a n n u a l  c a s h  
f l o w s  would o c c u r  sooner  t h a n  i f  a  new p l a n t  were b u i l t .  For a  s m a l l  inves tment  
in a s t u d - l a m i n a t i n g  o p e r a t i o n ,  t h e  r e t u r n  on t h e  t o t a l  inves tment  would b e  much 
l a r g e r  than  s h o r n  in t h i s  s t u d y ,  

k n v e r s i o n  o f  e x i s t i n g  f a c i l i t i e s  t o  t h e  manufac tu re  o f  COM-PLY s t u d s  would 
a l s o  k e l p  a l l e v i a t e  t h i s  c o u n t r y ' s  c u r r e n t  e x c e s s  c a p a c i t y  t o  produce p a r t i c l e -  
b o a r d ,  Because s o  r a n y  ? a r t i c l e b o a r d  p l a n t s  have been b u i l t ,  many o f  them a r e  
p r o v i d i n g  a low i n t e r n a l  race  of  r e t u r n .  A 100 p e r c e n t  c o n v e r s i o n  from p a r t i c l e -  
board  t o  CON-PLY s t u d s  would n o t  b e  z e c e s s a r y .  Even c o n v e r t i n g  o n e - t h i r d  o f  a  
f a c t o r y ' s  p a r t i c l e b o a r d  p roduc t ion  tc COM-PLY s t u d s  shou ld  g r e a t l y  improve i ts  
e a r n i n g  c a p a c i t y .  

Consumer deinand f o r  p a r t i c l e b o a r d  o f t e n  peaks  a  y e a r  o r  two a f t e r  t h e  peak 
demand f o r  lumber and plywood, p r i m a r i l y  because  denand f o r  lumber  and  plywood i s  
g r e a t e s t  d u r i n g  a  h o u s i n g  boom. A f t e r  a  hous ing  boom s u b s i d e s ,  t h e  need f o r  lum- 
b e r  and plywood d rops  o f f ,  as it d i d  l a t e  i n  1973.  Subsequen t ly ,  c o n s t r u c t i o n  o f  
shopp ing  c e n t e r s  and  manufac tu re  of f u r n i t u r e  i n c r e a s e ,  b o t h  o f  which c r e a t e  a 
s t r o n g  demand f o r  p a r t i c l e b o a r d .  

There are o t h e r  f i n a n c i a l  b e n e f i t s  f o r  a  m a n u f a c t u r e r  who can produce COM-PLY 
lumber and p a r t i c l e b o a r d  in one f a i - t o r y ,  H e  can s h i f t  p r o d u c t i o n  t o  t h e  p roduc t  
i n  g r e a t e s t  demand. A s  a  r e s u l t ,  a f a c i l i t y  t h a r  can produce b o t h  p r o d u c t s  h a s  

4 

t h e  p o t e n t i a l  f o r  l a r g e r  p o s i t i v e  cash  f lows  o v e r  a  l o n g e r  p e r i o d  o f  t i m e  than  one  
t h a t  produces  p a r t i c l e b o a r d  a l o n e .  Under p r e s e n t  p r a c t i c e ,  inany p a r t i c l e b o a r d  
p l a n t s  s u f f e r  heavy l o s s e s  o r  a r e  f o r c e d  o u t  o f  b u s i n e s s  d u r i n g  r e c e s s i o n s .  

P o t e n t i a l  m a n u f a c t u r e r s  s h o u l d  c a r e f u l l y  compare t h e  manufac tu r ing  c o s t s  f o r  
COM-PLY s t u d s  ( t a b l e  16) w i t h  t h o s e  f o r  sawn lumber  s t u d s ,  e s p e c i a l l y  from t h e  
s t a n d p o i n t  o f  f l u c t u a t i n g  c o s t s  of raw m a t e r i a l s .  One of  t h e  g r e a t e s t  expenses  
i n  making c o n v e n t i o n a l  s t u d s  i s  t h e  c o s t  o f  wood. During p e r i o d s  of peak demand 
f o r  lumber ,  t h e  p r i c e s  f o r  stumpage i n c r e a s e ,  more s o  f o r  sof twoods t h a n  hardwoods. 
Because COM-PLY s t u d s  can be  made from a  m i x t u r e  o f  hardwoods and so f twoods ,  t h e y  
have a d i s t i n c t  c o s t  advan tage  i n  raw m a t e r i a l s .  Fur the rmore ,  wood r e p r e s e n t s  a 
s m a l l e r  p e r c e n t a g e  o f  t h e  t o t a l  c o s t  o f  a COM-PLY s t u d  than  o f  a  c o n v e n t i o n a l  s t u d .  
I n  COM-PLY s t u d s ,  t h e  c o s t  f o r  r e s i n  b i n d e r ,  c a t a l y s t ,  wax, and l a m i n a t i n g  a d h e s i v e  
i s  g r e a t e r  t h a n  f o r  wood. These nonwood c o s t s  do n o t  f l u c t u a t e  g r e a t l y  i n  u n i s o n  
w i t h  wood p r i c e s .  

In t h e  f u t u r e ,  we w i l l  m d o u b t e d l y  f a c e  t h e  problem of  g e t t i n g  2 x 6 ' s ,  2 x S's, 
and 2 x 10% f o r  lumber - f ran ing  from s m a l l e r  l o g s  t h a n  have  been a v a i l a b l e  i n  t h e  
p a s t .  Th i s  s t u d y  shows t h a t  i t  is  economica l ly  f e a s i b l e  t o  manufac tu re  CON-PLY 
2 x 4 ' s  now, T h e r e f o r e ,  t h e  economic p o t e n t i a l  f o r  making even l a r g e r  COM-PLY 
lumber framing i s  highly f a v o r a b l e ,  

This  s t u d y  was xade f o r  t h e  inves tment  p e r i o d  from 1975 t o  1985. A s  t i m e  
p a s s e s ,  manufac tu r ing  c o s t s  w i l l  t e n d  t o  f a v o r  COM-PLY s t u d s  o v e r  sawn lumber 
s t u d s ,  h a l y s i s  of f i n a n c i a l  f e a s i b i l i t y  f o r  some l a t e r  period--say 1980 t o  1990-- 
s h o u l d  show even g r e a t e r  i n t e r n a l  r a t e s  of r e t u r n  t h a n  t h o s e  we found f o r  t h e  p e r i o d  
from 1975 CG 1985. 
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